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Abstract— 7KH 6+$5-$+6$7 ZRXOG EH WKH ILUVW
&XEH6DWPLVVLRQWREHGHYHORSHGE\WKH6KDUMDK$FDGHP\IRU
$VWURQRP\ 6SDFH 6FLHQFHV DQG 7HFKQRORJ\ 6$$667
VWXGHQWV DQG UHVHDUFKHUVZLWK WKH DLPRI QRW RQO\ GHVLJQLQJ
IDEULFDWLQJ WHVWLQJ 	 ODXQFKLQJ WKH &XEH6DW LWVHOI EXW DOVR
EXLOGLQJ WKH FDSDFLWLHV DQG H[SHUWLVH IRU IXWXUH 6$$667
&XEH6DWPLVVLRQVDVZHOO)RUWKHSURMHFW6$$667LVZRUNLQJ
LQ FORVH FROODERUDWLRQ ZLWK DQ H[SHULHQFHG LQWHUQDWLRQDO
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7KH \HDUV  DQG  KDYH EHHQ KRPH WR D UHFRUG
QXPEHURI&XEH6DWODXQFKHVLQWRORZHDUWKRUELW7KLVWUHQG
LVJURZLQJIXUWKHU$VDORZFRVWIDVWGHOLYHU\VSDFHDVVHWV
CubeSat’s are creating novel opportunities for all the nations 
YHU\SRRURUZHDOWK\$OPRVWHYHU\\HDUVHYHUDOGHYHORSLQJ
FRXQWULHVDUHKDYLQJWKHLUILUVWHYHUVDWHOOLWHVSODFHGLQWRRUELW
DV D UHVXOW RI LQWHUQDWLRQDO FROODERUDWLRQ LQFOXGLQJ VXSSRUW
IURPWKH8QLWHG1DWLRQV>@2QWKHRWKHUKDQG1$6$KDG
WKH ILUVW FRXSOH RI &XEH6DWV 0DUFR$ DQG% ODXQFKHG WR
UHDFK0DUVWRDLGWKH,Q6LJKWPLVVLRQ>@
,Q DGGLWLRQ WR FRXQWULHV HQWHULQJ WKH VSDFH WHFKQRORJ\
DUHQD WKH LQVWLWXWLRQV ZLWKLQ FRXQWULHV ZLWK DOUHDG\ VSDFH
DVVHWVDUHDOVREHQHILWLQJIURP&XEH6DWWHFKQRORJ\ WRZDUGV
KDYLQJ WKHLU RZQ VDWHOOLWH LQ VSDFH ,Q WKDW UHVSHFW WKH
6KDUMDK $FDGHP\ IRU $VWURQRP\ 6SDFH 6FLHQFHV DQG
7HFKQRORJ\ 6$$667RI WKH8QLYHUVLW\RI6KDUMDK 8$(
KDVVWDUWHGD&XEH6DW3URMHFWZLWKLQWHUQDWLRQDOFROODERUDWLRQ
WR GHYHORS LWV YHU\ ILUVW &XEH6DW WR DLG LWV HGXFDWLRQDO DQG
UHVHDUFKJRDOV WKURXJKD VFLHQWLILFPLVVLRQ )RU WKHSURMHFW
6$$667 LV ZRUNLQJ LQ FORVH FROODERUDWLRQ ZLWK DQ
H[SHULHQFHG LQWHUQDWLRQDO SDUWQHU WKH ,VWDQEXO 7HFKQLFDO




GLIIHUHQW QDWLRQV RYHU  VWXGHQWV IURP PRUH WKDQ 
FRXQWULHV $ERXWRIWKRVHVWXGHQWVRIYDULRXVGLVFLSOLQHV
ZHUHH[SRVHG WR VSDFH WHFKQRORJ\ WKURXJKD&DQ6DWFRXUVH
LQ-DQXDU\7KHSUHVHQWPLVVLRQZLOOHQKDQFHWKHYLHZ
DQGWKHNQRZOHGJHRIDOORIWKHPWRZDUGVDEHWWHUIXWXUH2Q
WKH SUDFWLFDO VLGH WKH SURMHFW LQYROYHV GHYHORSLQJ D 8
&XEH6DW FDOOHG 6KDUMDK6DW IRU VRODU FRURQD DQG VWDU
GHWHFWLRQ LQYHVWLJDWLRQV 0RUHRYHU WKH UHTXLUHG
LQIUDVWUXFWXUH WR GHYHORS WKH &XEH6DW D FOHDQ URRP DQG
GHYHORSPHQW HTXLSPHQW DQG JURXQG VWDWLRQ IRU
FRPPXQLFDWLQJZLWK WKH &XEH6DW LV DOVR EHLQJ HVWDEOLVKHG
7KH QHFHVVDU\ HQYLURQPHQWDO WHVWLQJ ZLOO EH FDUULHG RXW DW
,7866'7/ WR LQFUHDVH LQWHUDFWLRQ DPRQJ SDUWQHUV DQG WR








,, 6+$5-$+ 6$7 
7KH 6+$5-$+6$7 ZRXOG EH WKH ILUVW &XEH6DW
PLVVLRQ WR EH GHYHORSHG E\ 6$$667 VWXGHQWV DQG
UHVHDUFKHUVZLWK WKHDLPRIQRWRQO\GHVLJQLQJ IDEULFDWLQJ
WHVWLQJ	ODXQFKLQJWKH&XEH6DWLWVHOIEXWDOVREXLOGLQJWKH
FDSDFLWLHV DQG H[SHUWLVH IRU IXWXUH 6$$667 &XEH6DW
PLVVLRQV 7KH REMHFWLYHV DQG H[SHFWHG RXWFRPHV RI WKH
SURMHFWZHUH LWHPL]HG DQG WKH 6KDUMDK6DW LV GHVFULEHG LQ
VRPHGHWDLOLQWKHIROORZLQJVHFWLRQV
A. Objectives of the Project 
+XPDQFDSDFLW\GHYHORSPHQWLVWKHPRVWFULWLFDODVSHFW
RI 81 6'*  (GXFDWLQJ VWXGHQWV LQ FXWWLQJ HGJH
WHFKQRORJLHV VXFK DV VSDFH WHFKQRORJ\ZLOO FRQWULEXWH
WR WKHLU ZHOOEHLQJ DQG OHDGLQJ WKHP WR D EHWWHU OLIH






x ([WHQG NQRZOHGJH RQ PLQLDWXUL]HG ;5D\
GHWHFWRUV DQG WKHLU FDSDELOLWLHV WR FRQWULEXWH WR
6SDFH:HDWKHUUHVHDUFK
x +DYH D SUDFWLFDO RQ RUELW WRRO WR VXSSRUW
HGXFDWLRQDODFWLYLWLHVLQ8R6
x +DYHD VWURQJEDVLV IRU LQWHUQDWLRQDOFROODERUDWLRQ
DPRQJ0(1$FRXQWULHVDQGEH\RQG
x &UHDWH LQIUDVWUXFWXUH WRGHYHORSDQG WHVW&XEH6DWV
DQGVDWHOOLWHFRPSRQHQWV




WHFKQRORJ\ FRXUVHV 7KH SURJUDP FRYHUV VSDFH
WHFKQRORJ\EDVLFV DQG VSDFHFUDIW GHVLJQZLWK D XQLTXH
PHWKRGRORJ\ IRU&XEH6DW GHYHORSPHQW ,Q DGGLWLRQ WR
H[WHQVLYH GHVLJQ OHFWXUHV DQG H[HUFLVH SUREOHPV WKH
SURMHFWWHDPKDVDOVREHHQVXEMHFWWRKDQGVRQWUDLQLQJ
XVLQJ UHSUHVHQWDWLYH HOHFWURQLFV VLPXODWLQJ EDVLFV
&XEH6DWPLVVLRQ RSHUDWLRQV &XEH6DWPDQDJHPHQW IRU
FRPPDQG DQG RQERDUG GDWD KDQGOLQJ XVLQJ D &276
PLFURFRQWUROOHU WR PDQDJH WR VHQG FRPPDQGV
RSHUDWLQJ VRIWZDUH DQG SD\ORDG UHDGZULWH GDWD
RSHUDWLRQV DQG GRZQOLQN WR D UHSUHVHQWDWLYH JURXQG
VWDWLRQ 6XEV\VWHP VHOHFWLRQ DQG SLQRXW GLDJUDP
IRUPLQJ FRQIOLFW DQDO\VLV DQG SUHYHQWLRQ ZHUH DOVR
FDUULHG RXW &RPPXQLFDWLRQ RYHU 8+) EDQGV XVLQJ
&276 WUDQVFHLYHU DQWHQQD ELQGLQJ DQG GHSOR\PHQW
,7866'7/V\VWHP SD\ORDGRSHUDWLRQVZLWKD9*$
&DPHUD VHQVRU UHDGLQJV DQG DQDO\VLV IURP
DFFHOHURPHWHU J\URVFRSH PDJQHWRPHWHU WHPSHUDWXUH
DQGSUHVVXUHVHQVRUVVXQVHQVLQJWKURXJKSKRWRGLRGHV
EHDFRQ VLPXODWLRQV WKURXJK EX]]HU PRGXOHV SRZHU
PDQDJHPHQWXVLQJVHWVRI/L,RQEDWWHULHVVRODUSDQHOV
DQG SRZHU GLVWULEXWLRQ DQG UHJXODWLRQ PRGXOHV
VXEV\VWHPLQWHUIHUHQFHDQGSODFHPHQWDUHDOODPRQJWKH
KDQGVRQZRUN
B. Mission and CubeSat Development 
7KHPLVVLRQGHSLFWHG LQ)LJXUH LVVHOHFWHG WRFRPSO\
ZLWK WKH HGXFDWLRQDO REMHFWLYHV RI 6$$667 QDPHO\ WKH
VSDFHVFLHQFHDQGWHFKQRORJLHV7KHSULPDU\VFLHQFHJRDORI
WKHPLVVLRQLVWRREVHUYHDQGVWXG\WKHGHYHORSPHQWRIVRODU
FRURQDO KROHV UHVSRQVLEOH IRU GULYLQJ WKH VWHOODUZLQG DW DQ
HDUO\SKDVH0RUHRYHUKDUG;UD\VIURPYHU\EULJKWJDODFWLF
;UD\ VRXUFHV ZLOO EH FRPSOHPHQWDU\ WDUJHWV %ODFN KROH
FDQGLGDWHV DQG SXOVDUV FDQ HPLW UDGLDWLRQ XS WR D IHZ 
NH9V PDNLQJ WKHP SRWHQWLDO WDUJHWV $QRWKHU DLP RI





7KH SULPDU\ VFLHQFH LQVWUXPHQW RQ ERDUG LV WKH L;5'
GHYHORSHG E\ WKH 6DEDQFÕ8QLYHUVLW\ LQ FROODERUDWLRQZLWK
,7866'7/ ZKLFK ZLOO SURYLGH DQ LPSURYHG YHUVLRQ RI
;5' RQ ERDUG %H(DJOH6DW >@ RQH RI WKH 4% SURMHFW
&XEH6DWV 7KH OHDGLQJ WHFKQRORJ\ EHKLQG L;5' ZLOO EH D
&G=Q7HEDVHGFU\VWDORSHUDWLRQDOLQWKHKDUG;UD\VUHJLPH
EHWZHHQ  DQG  NH9 HQHUJ\ UDQJH7KH WDUJHW VSHFWUDO
UHVROXWLRQRIWKHGHWHFWRULVNH9DWNH9)LJXUHVKRZV
WKH EORFN GLDJUDP RI WKH VXEV\VWHPV VXSSRUWLQJ WKH L;5'
DQG WKH VHFRQGDU\ SD\ORDG ZKLFK LV D FDPHUD ZRUNLQJ LQ
YLVXDO EDQGV 7KH KLJKOHYHO SURGXFW EUHDN GRZQ VWUXFWXUH




7KH 6KDUMDK6DW WRJHWKHU ZLWK KXPDQ FDSLWDO DQG
LQIUDVWUXFWXUH GHYHORSPHQW ZLOO EH FRPSOHWHG LQ OHVV WKDQ
WZR\HDUV7KHGHWDLOVDUHVKRZQLQ)LJXUH
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
SCASS-SAT1 and iXRD Workpackages 2018 2019 2019 2020
# Description Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
1 Science requirements decision making
2 Redesign of the power electronics
3 PCB design and production of motherboard v1
4 PCB design and production of motherboard v2
5 PCB design and production of daughterboard v1
6 PCB design and production of daughterboard v2
7 Procurement of crystals , ASICS, and other …
8 Collimator design and production
9 Integration and electrical tests within iXRD
10 Software adjustments and tests
11 Integration with the cubesat and general tests
12 System Definition
13 System Requirements Definition
14 Camera Payload development
15 ITU-SSDTL Subsystem developments
16 EM Subsystem procurements
17 Subsystem tests
18 EM Integration
19 EM Qualification tests
20 Software development and tests with EM
21 FM Subsystem procurements
22 FM Subsystem tests
23 FM Integration
24 FM Acceptance tests
25 Software development and tests with FM
26 Frequency application
27 Launch procurement and launch readiness
28 SCASS GS Procurement and tests




WHDP D SD\ORDG GHYHORSPHQW H[HUFLVH 0RVW &XEH6DW
PLVVLRQVDUHHPSOR\LQJD9*$FDPHUDDVDORZFRVWVLPSOH
SD\ORDG ZLWK FRQWLQHQWDO UHVROXWLRQ VHH )LJXUH  IRU WKH
LPDJHIURP;,,96DL)RXUGHYHORSHGE\,QWHOOLJHQW6SDFH
6\VWHPV /DERUDWRU\ ,66/1DNDVXND /DERUDWRU\ DW
8QLYHUVLW\RI7RN\R-DSDQ>@$VLPLODUSD\ORDGZDVDOVR
XVHG RQ ERDUG ,78S6$7 >@ DQG 785.6$78 >@ )RU
WKH6KDUMDK6DWWKHDLPLVWREHDEOHWRWDNHD SKRWRJUDSKRI






7KH SURMHFW WHDP ZLOO GHYHORS DQ LPDJHU EDVHG RQ D
&276 FDPHUD OHQV V\VWHP DQG D VXLWDEOH FDPHUD VHQVRU
ERDUG%RWKSDUWVZLOOEH LQWHJUDWHGFRQVLGHULQJ WKH FDPHUD
V\VWHPDVVHPEO\WRWKH&XEH6DWVWUXFWXUH7KHVXLWDELOLW\WR
WKH VSDFH HQYLURQPHQW ZLOO EH WHVWHG WKURXJK H[WHQVLYH
WKHUPDOYDFXXPWHVWLQJWREHKHOGDW,7866'7/
&RPPHUFLDO KDUG HQYLURQPHQW OHQVHV ZLWK PDWFKLQJ
VHQVRUERDUGVZLOOEHXVHGWRIRUPWKHFDPHUDSD\ORDG7KH
79$& WHVWV ZLOO UHYHDO WKH WHPSHUDWXUH DQG YDFXXP
SHUIRUPDQFH RI WKH FRPELQHG V\VWHP %DVHG RQ WKH WHVW
UHVXOWVLPSURYHPHQWDQGPRGLILFDWLRQVRQWKHV\VWHPZLOOEH





7KH 6KDUMDK6DW &$'ZLWK WKH VXEV\VWHP ORFDWLRQV LV
VKRZQ LQ )LJXUH  $WWLWXGH GHWHUPLQDWLRQ DQG FRQWURO
V\VWHP $'&6 FRQVLGHUHG LV WKH WKUHHD[LV &XEH $'&6

IURP &XEH6SDFH >@  ,W KDV  RU  UHDFWLRQ ZKHHOV DQG 
PDJQHWRWRUTXHUVDVDFWXDWRUV LQDGGLWLRQ WR YDULRXV VHQVRUV
)RU WKLV VSHFLILF PLVVLRQ UHTXLUHG DWWLWXGH DQG DWWLWXGH UDWH
DFFXUDF\ FRXOG EH DFTXLUHG E\ D VHW RI VHQVRUV ZKLFK DUH
6XQDQG+RUL]RQVHQVRUVDGHSOR\DEOHPDJQHWRPHWHUDUDWH
J\URDQGDVHWRIFRDUVHVXQVHQVRUV
2Q WKH RWKHU KDQG WKH DFWXDWRU SDUW RI WKLV PLVVLRQ
UHTXLUHV IXUWKHU LQYHVWLJDWLRQ  6LQFH WKLV PLVVLRQ UHTXLUHV
KLJKDFFXUDF\XVLQJRQO\ WKHPDJQHWLFFRQWURODORQH LVQRW
DQRSWLRQ\HW DOWKRXJK LW LVDQ HVVHQWLDOSDUWRI WKH FRQWURO
V\VWHP IRU WKH GHWXPEOLQJ SKDVH DQG XQORDGLQJ SURFHVV RI
UHDFWLRQ ZKHHOV ,W PD\ EH SRVVLEOH WR VWDELOL]H WKH V\VWHP
ZLWKRQO\RQHZKHHODQG WRSRLQWDQDQWHQQDDQGRUFDPHUD
WR QDGLU ZKLOH SRLQWLQJ WKH ;5D\ GHWHFWRU WR WKH IOLJKW
GLUHFWLRQ ZLWK GHJUHH DFFXUDF\ >@ $OWKRXJK WKLV PRUH
FRVWHIIHFWLYHRSWLRQKDV RQO\RQHZKHHO LQ WKHGLUHFWLRQRI
WKH \D[LV LW GRHV QRW SURYLGH DQ\ PDQHXYHULQJ FDSDELOLW\
H[FHSW WKH SLWFK GLUHFWLRQ ,Q FRQVLGHUDWLRQ RI WKH PLVVLRQ




RXWZLOO VKRZZKLFK V\VWHPZLOO KDYH D KLJKHUGXUDWLRQRI





6SDFH SURMHFWV DUH LQKHUHQWO\ PXOWLGLVFLSOLQDU\ DQG
PXOWLQDWLRQDO7KHSURMHFW QHHGV WR FRQVLGHU WKH WRWDO VSDFH
V\VWHP FRQVLVWLQJ RI QRW RQO\ WKH VSDFH VHJPHQW EXW WKH
JURXQG DQG WKH ODXQFK VHJPHQWV DV ZHOO 0RUHRYHU LQ
SDUDOOHO WR WKH GHYHORSPHQW RI WKH KDUGZDUH WKH VRIWZDUH
UHODWHG VWXGLHV VKRXOG DOVR VWDUW DV HDUO\ DV SRVVLEOH $Q
DOJRULWKP RI WKH FRQFHSW RI RSHUDWLRQV VKRXOG EH SUHSDUHG
WKHQWREHFRGHGIRUWKH&XEH6DWV\VWHP:KHQFRQVWUXFWLQJ
WKH &XEH6DW WKH 7HFKQRORJ\ UHDGLQHVV OHYHOV 75/ RI
VXEV\VWHPVQHHGVWREHFRQVLGHUHGWRJHWKHUZLWKWKH75/RI
WKHSURMHFWWHDPDQGWKHSDUWQHUV,QWKLVILUVWSURMHFWJLYLQJ
WKH ZHLJKW WR JDLQ H[SHULHQFH LQ WKH LQGLYLGXDO
WHVWLQJRSHUDWLRQ RI SURFXUHG VXEV\VWHPV DVVHPEO\ DQG
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